The dependence of the fractal behaviors of the pomeron induced system in deep inelastic lepton-nucleon scattering upon the diffractive kinematic variables is found not to sensitive to the distinct parameterization of the pomeron flux factor and the structure function. A feasible experimental test of the phenomenological pomeron model in DESY ep collider HERA is proposed.
Recently years have witnessed a remarkably intense experimental and theoretical activity in search of high-energy diffractive lepton-nucleon scattering 1 . For a complete understanding of strong interaction in the diffractive processes it is necessary not only to survey short range and hard partonic interactions, but also the long range soft interactions that make up the bulk of overall cross-section at high-energy. Since the lack of a hard scale in such soft processes makes calculations within quantum chromodynamic theory (QCD) problematic, these processes are usually described using the phenomenology of Regge theory 2 by the t-channel exchange of mesons and, at high energy, by the leading vacuum singularity, the pomeron 3 . Many calculations based on the pomeron theory has been used compared with the data about collective aspects such as cross section of hard diffraction, the rapidity distribution of LRG, jet production etc.. But because of the ignorance for the nature of the pomeron and its reaction mechanisms, there exists different kinds of approach and parameterization for the pomeron in the current Regge theory. The theory results was found very sensitive to the distinct parameterization of the pomeron, and the different set of data prefer different parameterization of the pomeron, which makes it difficult to conclude whether pomeron theory indeed works in the diffractive process.
Having in mind that the fractal and fluctuation pattern of the multiparticle production reveals the nature of the correlations in both level of parton and hadron of the spatialtemper evolution process and is, therefore, sensitive to the interact dynamics of the highenergy process 4, 5 , it is interesting to investigate the fractal behavior of the diffractively produced system by calculating the scaled factorial moments of the multihadronic final state 6 . In this note, we find the dependence of the fractal behavior of the pomeron induced system upon the kinematic variables is not sensitive to the different parameterization of the phenomenology pomeron model. So the characteristic plot about fractal behavior of the diffractively produced system can be a clear experimental test of the pomeron by DESY ep collider HERA.
The fractal (intermittency) behavior of the diffractively produced system can be probed by measuring the q-order scaled factorial moments (FMs) of the final-state hadrons excluding the intact proton from the incident beam, which are defined by
where, x is some phase space variable of the multihadronic final-state, e.g. (pseudo-)rapidity, the scale of phase space δx = ∆x/M is the bin width for a M-partition of the region ∆x in consideration, n m is the multiplicity of diffractively produced hadrons in the mth bin, · · · denotes the vertical averaging with the different events for a fixed scale δx. Since the factorial moments F q can rule out the statistic noise around probability p m of the small phase space of final state and associated directly with the scaled probability moments
pm q , it is clear that F q would saturate to some constant with decreasing δx to the some typical size δx 0 (e.g. the correlations length from resonance decays) if there were no dynamic fluctuation in the multiparticle producing process and the probability distribution of the phase-space densities were smooth, especially in small scale of the phase space. The manifestation of the fractality and intermittency in high energy multiparticle production refers to the anomalous scaling behavior of FM 4,5
The q-order intermittency index φ q can be connected with the anomalous fractal dimension d q of rank q of spatial-temporal evolution of high energy collisions as
Pomeron exchange in Regge theory has be used to describe successfully the main features of the high energy elastic and diffractive process 8 . While waiting for the experimental measurements for the above-mentioned fractal behavior of the diffractively producted system, let us now take a look at what the typical result of the fractal pattern of pomeron induced system is according to pomeron exchange theory.
The deep inelastic diffractive lepton-nucleon scattering has been well modeled by several Monte Carlo generators such as POMPYT 9 and RAPGAP 10 , which are based on the assumption that the process can be considered as taking place in two steps. First, a beam hadron emits a pomeron with longitudinal momentum fraction x l P ; in the second step this pomeron interacts with the other beam lepton in a large momentum transfer process between the basic constituents of the pomeron and the lepton. This pomeron factorization allows the diffractive hard scattering cross-section to be written as
where −Q 2 and t are the mass-squared of virtual photon and exchanged pomeron respectively, and β = x B /x l P the momentum fraction of parton in pomeron. The first factor in Eq. ( 4) is the pomeron flux, i.e. probability of emitting a pomeron from the proton, and the second factor is the lepton-pomeron scattering differential cross-section. For lack of the understanding for the true nature of the pomeron, there exists different approachs for the parameterization of the pomeron flux:
In standard Regge theory with a supercritical pomeron trajectory, α l P (t) = 1 + ǫ + α ′ l P t, the pomeron flux is given as 11, 12 f P l P (t,
where the coupling of the pomeron to the proton, β P l P (t) is parametrized 12 according to ISR data 13 as β P l P (t) = 6.3e 3.25t .
By approximating the cross section of proton and pomeron with a constant σ P l P = 1mb, Ingelman and Schlein 14 compare the factorization expression of hard diffractive pp process with the single diffractive experimental data at the SPS collider 16 . They obtain the pomeron flux in a proton as
Alternatively, Donnachie and Landshoff assume the pomeron-photon analogy in the couples to quark in nucleon and give the pomeron flux as
with coupling constant of the pomeron to a quark β 2 ql P = 3.24GeV −2 and the elastic form factor F 1 (t)
The lepton-pomeron hard cross section, i.e. the second factor in Eq. ( 4) can be calculated as
if we can figure out the density G(β) of the quarks and gluons with fraction β of the pomeron momentum. 
The first one corresponds to the "unrealistically hard" gluon distribution, where two gluons share the pomeron momentum; in latter case, the gluons in the pomeron are as soft as in 
In above parametrizations of structure function of pomeron, the normalization of all parton distributions are, by default, chosen to fulfill the momentum sum rule
But it is not clear that this relation must hold for the pomeron which is a virtual exchanged object that need not behave as a normal hadron state. In the approach of Donnachie and Landshoff 17 , the dominating quark density is
the flavors summation and the momentum integral of which is a factor 7.5 lower than in Eq.( 12).
In the following intermittency analysis of the lepton-nucleon diffractive process, we use RAPGAP generator 10 to simulate the pomeron exchange processes in which the virtual photon (γ * ) interacts directly with a parton constituent of the pomeron either in the lowest order or in O(α em α s ) order via the photon-gluon fusion. In both cases a color octet remnant is left at low p ⊥ with respect to the pomeron and hence also to the proton. The higher order gluon emission is simulated with the Color Dipole Model (ARIADNE) 21 and the hadronisation is performed using the JETSET 22 . By chosing the pomeron flux factor f P l P (t, x l P ) and the pomeron structure function G(β) as shown in Eq. ( 5) and Eq.( 9) respectively, we generate 100,000 MC events, and calculate the second-order factorial moments in 3-dimensional (η, p ⊥ , φ) phase space, where the pseudorapidity η, transverse momentum p ⊥ and the azimuthal angle φ are defined with respect to the sphericity axis of the event. The cumulative variables X translated from x = (η, p ⊥ , φ), i.e.
were used to rule out the enhancement of FMs from a non-uniform inclusive spectrum ρ(x) of the final hadrons 23 . The obtained result of second-order FM versus the decreasing scale of the phase space is shown in Fig.1(a) in double logarithm. There exists obviously anomalous scaling behavior in the pomeron induced interaction, so we fit the points in Fig. 1(a) to Eq.( 2) with least square method and obtain the intermittency index φ 2 = 0.428 ± 0.003. In Fig. 1 , we have also shown the Monte Carlo result of the second-order factorial moments for different kind of the parameterization for the pomeron flux factor and structure function.
In Fig. 1(a) , (b), and (c), we keep the pomeron structure function G(β) fixed but vary the pomeron flux factor f P l P (t, x l P ) as Eq. ( 5), ( 6) , and ( 7) respectively. The fractal behavior of the pomeron induced system keep almost unchanged for different flux factor. On the contrary we keep the pomeron flux factor fixed in Fig.1(a), (d) , (e), and (f), but vary the pomeron structure function as Eq. ( 9), ( 10), ( 11), and ( 13) respectively. For a given pomeron flux, the fractal behaviors become weaker when the pomeron become softer. In Fig.   1 (d) the parton distribution is as soft as that in proton, the intermittency index is smallest, which is understandable since it is more possible to evoke jet and then the anomalous shortrange correlation in the final-state if the hard parton in pomeron is involved, and vice versa.
It is of the special interest to investigate the dependence of the fractal behavior of the pomeron induced system upon the diffractive kinematic variables. We generate 500,000
events by RAPGAP Monte Carlo generator, and divided the whole sample into 10 subsamples according to the diffractive kinematic variables, e.g., x B . For each subsample, we calculate the second order scaled FM and the intermittency index φ 2 , and to see how the fractal behavior of the pomeron induced multihadronic final states depends upon the kinematic variable. In Fig. 2 is shown the dependence of the second order intermittency index φ 2 on the different diffractive kinematic variables. It is well known that the gluon density increase substantially as x B decreases in small-x B region 24 . So the MC result from pomeron model in Fig. 2(a) means that the anomalous fractal dimension d 2 of the diffractively producted system decrease with increasing gluon density. In Fig. 2(a) and (b), the intermittency index φ 2 is less than 0 for the small x B and x l P , which can be referred to the constraint of the momentum conservation in the hadronization process 25 . Since the Leading Proton Spectrometer (LPS) has been used in ZEUS detector to detect protons scattered at very small angles (≤ 1 mrad), which make it possible to measure the square of the four-momentum transfer at the proton vertex, we also show in Fig. 2 (e) the t-dependence of second order intermittency index in the t-region of LPS detector, i.e. 0.07 < −t < 0.4GeV 2 . To be different from the results of other kinematic variables, the fractal index for the γ * lP system doesn't depend upon the t.
Especially, we calculate the intermittency index shown in Fig. 2 using different kinds of pomeron parameterization. We denote the different shapes of points in Fig. 2 for the different kinds of the pomeron parameterization, just in the same way as that in Fig. 1 .
In conventional investigation, the pomeron theory has been used to compare with the data about cross section of hard diffraction 12, 14, 15 , the rapidity distribution of large rapidity gap 10 , and jet distribution 12, 26 and jet shape 18, 26 etc., where the results of the pomeron model was found very sensitive to the parameterization of the pomeron, and the experimental data in different aspects prefer different kinds of parameterization 18, 26 . It is noticeable that the dependence of the intermittency index upon the diffractive kinematic variables in this fractal analysis of the pomeron model are almost the same for the different parameterization of the pomeron flux and structure function!
In conclusion, independent of mainly uncertainty on the distribution functions for finding partons in a pomeron and for finding pomeron in a hadron, which is confronted with the conventional hard diffractive calculation (see, e.g. Ref.
12,14,15 ), we present a HERAexperimentally testable characteristic plot for the pomeron model based on the fractal analysis. So it is feasible to check up the fractal characteristic plot by using DESY ep collider HERA detector. And the substantial revision would be necessary in the manner in which we have treated diffraction by using the current pomeron theory if it should turn out that experimental measurements differ drastically from this characteristic plot presented here.
FIGURES Fig. 1 . The second-order scaled factorial moments F 2 getting from MC simulation of RAPGAP generator 10 versus the number M of subintervals of 3-dimensional (η, p ⊥ , φ) phase space in log-log plot, and the intermittency index φ 2 correspondingly. The different kinds of points denote different parameterization of the pomeron flux factor f P l P (t.x l P ) and structure function G(β), i.e. f P l P (t.x l P ) keeps fixed as Eq. ( 9) but G(β) varies as Eq. ( 5), ( 6) , and ( 7) in Figs. (a) , (b), and (c) respectively; on the contrary, G(β) keeps fixed as Eq. ( 5) but f P l P (t.x l P ) varies as Eq. ( 9), ( 10), ( 11) , and ( 13) 
